Abstract--This paper presents a neutral-point type buck-boost converter that can decrease input current harmonics and reduce the generation of inrush current at start when turning on. It is possible to utilize this circuit as a converter for the electronic ballast, and the switches in the converter are shared with the inverter for the lighting. It is confirmed by experiments that the proposed electronic ballast can satisfy IEC regulation Class C and can achieve high Power Factor 99.6%.
Index Terms--converters, electronic ballast, harmonics, inverters I. INTRODUCTION JN order to reduce harmonics of input current, many types of 'electronic ballast have been proposed [1] - [7] , which combines a converter circuit with an inverter circuit. Authors of this paper have proposed the neutral-point type boost converter. It was shown that the converter could be utilized for the electronic ballast. In this paper, after analyses of operating modes of the newly developed neutral-point type buck-boost converter, the relation between the output voltage and the inductance of the coil used in the buck-boost converter is analyzed. And the value of inductance suitable for the converter is obtained from experiments.
The feature of this circuit is that the circuit can reduce the generation of inrush current at start when turning on and also can depress the voltage-stress for circuit elements. It is also confirmed from experiments that the electronic ballast based on the proposed converter satisfies IEC regulation Class C and achieved high Power Factor. Nabil M Hidayat is a graduate student of Tottori University. Tottori, JAPAN (e-mail: b 2 3 7 tor.taraday.ele.tottori-u.acjp).
Masaaki Nakamura is a graduate student of Tottori University. Tottori, JAPAN (e-mail: bO2t3076nfaraday.ele.tottori-u.acjp). The configuration of the proposed neutral-point type buckboost converter circuit is shown in Fig.1 [8] . The feature of this circuit is that there is no short-circuit between the power supply (Vin) and the smoothing capacitor(C). Therefore, this circuit can reduce the generation of inrush current at start when turning on and also can depress the voltage-stress for circuit elements.
A. Circuit Operations
The power supply (Vin) and the inductor (L) are being connected in series. Therefore the inductor L repeats accumulation and release of electric energy following to operations of two switches (S1 or S2). This converter consists of a main circuit and an auxiliary circuit. The main circuit works as a half-wave rectifier that is with two diodes (DI, D2), two switches (SI and S2) and an inductor (L). When the power supply is in positive half cycle, current flows through DI, SI and L. When the power supply is in negative half cycle, current flows through L, S2 and D2. In both cases, the inductor accumulates electric energy while the corresponding switch is on and releases electric energy while the corresponding switch is off.
The auxiliary circuit consists of four diodes (D3, D4, D5 and D6), a smoothing-capacitor (C) and an inductor (L). Four diodes are connected in order to constitute the full-bridge for L. DC voltage (Vout) can be obtained at the smoothing-capacitor C due to the counter-electromotive force of L.
B. Operation Mode
Analyses of inductor current are described under following assumptions.
(1) Switching frequency is higher than the frequency of input power supply. Therefore, it can be considered that the voltage of the input power supply is constant during a switching cycle.
(2) Circuit elements have ideal properties. The circuit operations are explained here during power supply is in positive half cycle. Behaviors of the inductor currents are different depending on the state of switches and input power voltage.
[Mode 1-a] SI: On, S2: Off, VI (input voltage) < Vc The equivalent circuit of Mode 1-a is shown in Fig. 2 . In this case, current (I1) flows to the inductor through diode (DI) and switch (S1) from input power supply. The inductor accumulates electric energy. Simultaneously, there is another current flow to the load from the smoothing-capacitor (C). During this mode, the load received energy only from the smoothing-capacitor (C).
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The equivalent circuit of Mode 1-b is shown in Fig. 3 . In this case, three current flows are considered. First is the current (I1) that flows to the inductor through diode (DI) and switch (S1) from input power supply. Second is the current that flows to the load directly from input power supply through Dl, SI, D5 and D4. Third is the current that flows to the smoothing-capacitor (C) from input power supply through DI, S1, D5 and D4. In both Modes, the inductor accumulates electric energy (Pon) in the inductor (L).
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where A and B are constants, R is the resistance of the load, C is the capacitance of the smoothing-capacitor. The inductor current (IL) at mode 2 can be calculated using following equation. L{l + RC(a -,6)}{1 -cxp(-2/8(t2 t1 )) Equation (4) shows that the current flow in the inductor decreases as the value of inductance increases. Moreover, the current flow in the inductor decreases as the switching frequency becomes high, and output voltage is influenced by switching frequency.
D. Experimental Results of Neutral-Point Ttype Buck-Boost Converter Circuit
The relation between the value of inductance and output voltage is experimented using an experimental circuit based on basic neutral-point type buck-boost converter circuit. In this case, incandescent lamps are used as loads. The amount of power consumption is adjusted in the experiments so that it might become the same as a (FLR36T/FLR42T) fluorescence lamp. Experimental results are shown in Fig.5 .
When an input current waveform is mostly sinusoidal, the current that flows in the inductor behaves in intermittence mode. The output voltage at this time is near the maximum value of a commercial AC line. An observed waveform of input current is shown in Fig.6 . In this experimental circuit, a L.P.F. (Low Pass Filter) that cuts off frequencies of 15 kHz or more is utilized. An observed waveform of output voltage under the condition that the duty factor of switches is 5000 is shown in Fig.7 . The result proves that the output voltage reaches the maximum value of a commercial AC line due to boost action of the proposed converter. 
A. Basic Circuit ofProposed Electronic Ballast
Basic configuration of electronic ballast using the proposed neutral-point type buck-boost converter is described in Fig.8 . The electric power charged in the smoothingcapacitor (C) is supplied to the inverter for lighting through diodes D7 and D8. In this circuit, the converter and inverter shares the two switches (SI and S2). The circuit for lighting shows a typical form of half-bridge inverter. A capacitor (Cr) is utilized to warm up filaments of a lamp, and in a steady state, this capacitor and the secondary side coil of a transformer (T) perform resonance operation. The equivalent circuit of electronic ballast is shown in Fig.9 . B. Experimental Results of Proposed Electronic Ballast Based on the basic circuit shown in Fig.8 , a circuit is constructed and experimented, and the results are shown as follows. Table 1 shows specifications of circuit elements. Conditions and results of lighting experiment are shown in Table 2 . Two power MOSFET's are used as switching V.' V: 50V/div I: 236mA/div T: 2ms/div Observed input current waveform and input voltage waveform to the proposed electronic ballast are described in Fig.10 . The figure shows that the input waveform is almost similar to a sinusoidal wave. The relative harmonic content of this input current and the ICE regulation value are shown in Fig. 11 . It is proven that relative harmonic contents of the proposed electronic ballast are lower than the IEC regulation values in any order.
Observed lamp current and observed lamp voltage are shown in Fig. 12 . Both waveforms are also similar to sinusoidal waves that are suitable for the lighting of fluorescent lamp.
IV. CONCLUSIONS
In this paper, a newly developed neutral-point type buckboost converter was proposed. The newly proposed converter is an improvement of the previous circuit that is the neutral point type boost converter. The proposed circuit can reduce the generation of inrush current at start when turning on and can depress the voltage-stress for circuit elements.
The feature of this converter was confirmed by experiments and it was proven that the electronic ballast could be designed using this converter. From lighting experiments, the proposed electronic ballast satisfies IEC regulation Class C and achieved high Power Factor. And it was confirmed that waveforms of lamp current and lamp voltage are similar to sinusoidal waves. VI 
